In one area of human inquiry there had long existed a quiet confidence in our ability to fathom something of the ultimate truth about the universe. People thought that if this success was possible in one area of inquiry then perhaps it was true in others. The source of this confidence was the age-old study of geometry that Euclid and the ancient Greeks had placed upon a firm logical foundation.
Euclidean geometry is a geometry where the Pythagoras Theorem for triangles holds. The theorem gives the distance-squared between two points (c 2 in the diagram) as the sum of the squares of the other two sides (a 2 and b 2 ). Any space where this Euclidean distance function holds is said to be spatially flat.
The distance function can be generalized to any number of spatial dimensions using exactly the pattern that was used above. In the 3-D case one merely has to add one more independent variable. In the diagram to the right the symbol h represents this new variable. The variable h is what we normally refer to as the height.
Euclid's geometry had done more than help architects and cartographers. It had established a style of reasoning, wherein truths were deduced by the application of definite rules of reasoning from a collection of self-evident axioms. Theology and philosophy copied this 'axiomatic method', and most forms of philosophical argument followed its general pattern. In extreme cases, as in the work of the Dutch philosopher Spinoza, philosophical propositions were even laid out like the definitions, axioms, theorems, and proofs in Euclid's works.
Euclidean geometry was believed to be a description of how the world was, it was not an approximation, it was not a human construct; it was the absolute truth. Theologians pointed to it as a rationale for why absolute truth inquiries were legitimate.
In the late 1700's Immanuel Kant , the great German philosopher declared that Euclid's geometry was true independent of experience.
In the first quarter of the 1800's things started to change. The confidence in Euclid's geometry was starting to be undermined. The famous mathematician Carl Gauss asserted that geometry was dictated by experiment (experiment ---> axioms). There were other possible geometries describing the logical interrelationships between points and lines on curved surfaces. These geometries could have practical applications. Long distance travel on the curved surface of the Earth required non-Euclidean geometry.
Why were non-Euclidean geometries so unfamiliar? Why are they still unfamiliar? The reason is that most people are restricted to small portions of the Earth's surface and usually the curvature of the Earth is negligibly small in these regions. A bricklayer or a carpenter must use Euclidean geometry, but an ocean going yachtsman cannot.
GLOBAL:
On the large scale, the curvature of the structure is evident.
LOCAL:
On the small scale, the curvature of the structure is not easily seen.
The curvature of space can be classified into three types: spherical (positive curvature), flat (zero curvature), and hyperbolic (negative curvature).
In spherical curvature the angles inside triangles add up to be more than 180 degrees.
In flat space the angles of a triangle add up to be 180 degrees exactly.
In a hyperbolic space the inside angles of a triangle add up to be less than 180 degrees.
These ideas are summarized in the following diagram. In Euclid's geometry all surfaces are flat and parallel lines always stay the same distance apart, never meeting and never diverging. However, in curved non-Euclidean geometries, lines that start off parallel eventually cross each other in the positive curvature case, while these same lines diverge from each other in the negative curvature case. This is illustrated below in the case of two ants traveling along the three types of curved surface.
Geometry of space is of great importance to cosmology since Einstein's General Theory of
Relativity, which will be discussed later, relies entirely on the idea that the the geometry of space at any location in the universe is directly related to the strength of the gravitational field at that location. The stronger the gravitational field is, then the stronger will be the matching curvature. In a cosmological context, the three curvature types are
The positive curvature universe corresponds to a universe that will expand to a certain separation between galaxies and then contract back to zero space. This is called a closed universe.
The zero curvature universe corresponds to a universe that will expand forever, slowing down as it does so. This is called a spatially flat universe.
The negative curvature universe corresponds to a universe that will expand forever. This is called an open universe. For a Escher print based on the concept of negative curvature click on the following small picture.
Topology
Topology is the branch of mathematics concerned with the ramifications of continuity. Topologist emphasize the properties of shapes that remain unchanged no matter how much the shapes are bent twisted or otherwise manipulated.
Such transformations of ideally elastic objects are subject only to the condition that, for surfaces, nearby points remain close together in the transforming process. This condition effectively outlaws transformations that involve cutting and gluing. For instance a doughnut and a coffee cup are topologically equivalent. One can be transformed continuously into the other. The hole in the doughnut will be preserved as the hole in the handle of the coffee cup. 
